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*■  SECURITY  INFORMATION 


RE  LIABILITY  RLSLARCH  AND  COHtNQ  CIRCUITRY 
ABSTRACT 


This  report  sumaariaoa  work  performed  under  the  "Relia- 
bility Research"  and  "Coding  Circuitry"  items  of  the  contract 
during  the  period  from  November  15,  1952  to  February  1$,  1953. 
Tnaee  items  are  primarily  concerned  with  improving  the  overall 
reliability  of  a future  IFF  system. 

Theoretical  consideration  la  given  to  various  methods  for 
improving  system  reliability j namely,  the  use  of  multichannel 
transmission,  redundancy  coding  to  combat  noise,  and  optimum- 
filtering techniques,  Irogress  is  reported  on  the  construction 
of  a pulse-train  correlator  designed  to  improve  the  reliability 
of  IFF  detection  in  the  presence  of  pulse  jamming.  This  in- 
cludes related  work  on  equipment  to  be  used  in  the  operational 
testing  of  the  correlator  once  it  is  collated.  Also  covered 
is  progress  made  in  the  development  of  a reliable  transistorised 
shift  register,  and  on  a transistor-testing  program. 
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Personnel  and  Administration 

1*  Kart-in  W.  Eesigmann,  Coordinator  (two-fifths  tine  Item  II,  one- fifth 
tiSM  Jtem  III,  engineer) 

2.  Sse-tfou  Chang  (half-time  engineer  Item  II  from  Deoeisber  13,  1952) 

3*  George  K.  Pihl  (one-fifth  time  Item  II,  one-tenth  time  item  III, 
engineer) 

U * John  S.  Rochefort,  liaison  man  (four-fifths  time  Item  II,  one-fifth 
time  Item  III,  engineer) 

5*  Harold  L.  Stubbs  (half-time  mathematician  Item  II) 

6.  Thomas  P.  Cheatham,  Jr*  (one-fourth  time  engineer  Item  II  from 
December  15,  1952) 

7*  Walter  H.  Lob  (full-time  physicist  Item  II) 

8*  Louis  J.  Hard one  ( full- time  engineer  Item  III) 

9*  Myron  L*  Bovarnick  (full-time  engineer  Item  II) 

10.  Jacob  Wiren  (four-fifths  time  engineer  Item  III  to  January  23,  1953) 
full-time  from  January  2u,  1953) 

11*  George  W.  Ogar  (full-time  engineer  Item  II,  December  15,  1952  through 
December  19,  1952) 

12*  Walter  Goddard  (two-fifths  time  Item  II,  one-fifth  time  Item  111, 
technician) 

13*  Mary  D.  Reynolds  (two-fifths  time  Item  II,  one-fifth  time  Item  111, 

— «WV  \ 

lit*  Lawrence  J.  O'Connor  (full-time  cooperative  student  assistant  Item  II 
through  January  23,  1953]  part-time  assistant  Item  III  from  January 
26,  1953) 

15*  John  J.  Kelly  (full-time  cooperative  student  assistant  Item  II  through 
January  23,  1953) 

1 6*  Charles  U.  Knowles  (part-time  assistant  Item  III  through  January  2h, 
1953)  full-time  cooperative  student  assistant  Item  II  from  January 
26,  1953) 

17*  Robert  H.  Lawson  (full-time  cooperative  student  assistant  Item  II 
from  January  26,  1953) 

The  engineering  staff  assigned  to  these  items  of  work  under  the  contract 
was  Increased  during  this  report  period  by  the  addition  on  a part-time  basis 
of  Dr*  Sse-Hou  Chang,  and  Dr*  Thomas  P.  Cheatham,  Jr.  Dr.  Chang  has  been  con- 
tinuously employed  on  work  under  this  contract  since  its  establishment  at 
Northeastern,  his  other  work  being  under  Item  I.  Dr.  Cheatham  is  presently  a 
neeearch  Fellow  at  Harvard  University,  where  his  current  work  is  concerned 
mainly  with  the  statistical  approach  to  communications*  Previous  to  his 
association  with  Harvard,  he  served  at  M.l.T.  and  Boston  University* 

Work  -a s begun  during  this  report  period  under  funds  provided  by  Modifi- 
cation No*  10  to  the  contract*  This  modification  authorised  the  beginning  of 
work  on  coding  circuitry  and  transistors  as  applied  to  IFF.  This  work  is 
covered  by  Item  III  of  the  contract. 


b.  Communications 

1.  Correspondence 

Listings  of  all  non-expendable  property  received  fox'  use  under  tills 
contract  have  been  sent  to  the  Research  Accountable  1 roperty  Officer  under  the 
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* 

dates  of  November  30,  1952,  Deoember  31,  1952,  and  January  31,  1953* 

2«  Conferenoee 

December  15,  1952.  Conference  at  AFCRC  among  b.  Saaaon,  C.  Hobbs,  B.  Hills, 
C.  Ryan,  W.  Bishop,  R.  Wagner,  and  R.  Bradbury  all  of  AFCRC,  and  S.  Chang, 

H.  Eestgmann,  J.  Rochefort,  L.  Hard one,  W.  Lob,  Q.  Fihl,  and  J.  Wiren  of  North- 
eastern. 

The  purpose  of  this  conference  was  to  obtain  information  upon  which  vork 
under  Item  111  (Coding  Circuitry ) was  initiated.  It  was  agreed  that  this  work 
would  begin  with  the  design,  construction,  and  evaluation  of  a reliable  shift 
register.  It  was  also  agreed  that  the  transistor-test  program  would  be  con- 
tinued as  a supporting  part  of  the  work  under  this  item.  R.  Wagner  and 
R.  Bradbury  were  named  as  Project  Engineers  for  the  ooding  circuitry  and  tran- 
sistor testing  programs,  respectively. 


January  6,  1Q53«  Visit  made  by  S.  H.  Chang,  M.  W.  Essigmann,  and  J.  S. 
Rochefort  to  Oi . R.  C.  Hergenrother  and  A.  S.  Luftmon  of  the  Raytheon  Manu- 
facturing Company. 

The  purpose  of  this  visit  was  to  observe  a demonstration  of  a storage 
tube  being  developed  at  Raytheon  that  may  have  application  in  the  studies  on 
correlation  methods  currently  carried  on  at  Northeastern. 


J.  S.  Rochefort,  as  liaison  man  between  AFCRC  and  Northeastern,  has  kept 
in  constant  contact  with  AFCRC  to  fulfill  this  obligation.  In  addition,  L. 
Nardone,  J.  Wiren,  and  C.  Knowles  have  made  many  visits  to  AFCRC  in  order  to 
obtain  information  upon  whioh  to  base  work  under  Item  111. 

3.  Meetings  Attended 

Dece*±>er  27-30,  1952.  Annual  Meeting  of  the  Institute  of  Mathematical 
Statistics  at  Chicago,  Illinois. 

H.  L.  Stubbs  attended  the  sessions  of  this  meeting  to  better  inform  the 
Northeastern  group  of  new  developments  in  the  field  of  statistics  that  may  be 
applicable  to  the  communications  problems  being  studied  under  Item  II. 


o.  Statement  of  the  Problem 

Item  II  of  the  contract  is  concerned  with  the  study  of  the  consunioation 
aspects  of  tha  IFF  problem  with  the  aim  to  determine  methods  for  improving  the 
performance  reliability  of  IFF  systems.  The  tpecific  system  assumed  for  the 
present  studies  is  one  in  whioh  an  n-digit  binary  number  ie  transmitted  as  a 
cnallenge  ever  a single  channel  to  a tr&nspondor  where  the  challenge  ie  encoded 
into  an  r-digit  reply.  The  reply  is  transmitted  to  the  responsor,  also  over  a 
single  channel,  where  it  is  compared  with  a locally  encoded  version  to  determine 
whether  or  not  it  is  correct. 
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The  present  are  o one erred  with  Methods  for  Ijyrorlng  the  trans- 

Bieston  r^ll^uUity  of  the  ground-to-air  and  air-to-ground  links  of  the 
--tu**d  qrtteif  These  two  links  differ  in  that  the  oorreot  reply  is  arail- 
able  at  the  tendnal  of  the  air-to-ground  link,  thus  providing  the  possibility 
of  applying  prevalent  cross-correlation  techniques  in  the  reception  of  the 
ooded  reply*  Lean  powerful  Means  Must  be  resorted  to  at  the  airplane  ainoe  no 
a priori  knowledge  as  to  the  challenge  can  be  aasunsd.  Atmospherics,  eneiy 
noise  and  pulse  jamming,  and  enesy  attests  at  interrogation  are  being  con- 
sidered as  factors  whioh  need  to  be  oonbatted  in  devising  systems  to  provide 
iaproved  trans Mission  reliability. 

The  aspect  of  oryptographio  seourity  introduced  by  the  presence  of  two 
encoders  in  the  general  system  is  not  a part  of  the  present  problem.  The 
system  Is  assumed  to  be  secure  against  an  enesy  who  oan  only  listen. 

Item  III  is  conoemed  with  practical  aspects  of  the  coding  circuitry 
involved  in  the  system.  Specifically  the  beginning  work  involves  the  design, 
construction,  testing,  and  evaluation  of  a reliable  shift  register  alloying 
transistors  for  use  in  the  two  encoders  of  the  system  described  above.  The 
present  state  of  transistor  development  is  such  that  a transistor  testing 
program  is  required  in  order  that  tho  necessary  data  be  available  for  circuit- 
design  purposes. 


d.  Methods  of  Attack 

The  problem  of  reliability  has  been  divided  into  two  parts t system  relia- 
bility and  equipment  reliability.  The  former  refers  to  the  performance  of  the 
system  if  all  equipment  operates  perfectly,  while  the  latter  refers  to  the 
performance  of  the  equipment  alone.  System  reliability  has  received  .«aJor 
emphasis  in  the  past  because  it  has  been  felt  that  techniques  for  obtaining 
tbs  maximum  system  reliability  should  receive  primary  investigation.  Once  the 
system  offering  maximum  reliability  has  been  selected,  then  maj^r  emphasis 
should  be  placed  on  design  and  procurement  of  equipment  which  will  allow 
maximum  equipment  reliability  to  be  realited.  Consequently,  during  this 
report  period,  under  Item  II  consideration  has  been  given  to  factors  influenc- 
ing system  reliability  and  to  design  and  construction  of  equipment  for  evalu- 
ating oertaln  techniques  for  ixqprovlng  the  reliability  of  systems.  Under 
Item  III  is  included  the  work  that  oan  be  appropriately  classified  as  part  of 
the  general  problem  of  equipment  reliability. 


System  Reliability 


General  Considerations 


In  approaching  the  problem  of  system  reliability,  the  first  step  was  to 
enumerate  the  faotors  which  might  reduce  reliability.  They  include  "atmos- 
pherics" and  receiver  noise,  inadequate  space  resolution,  garbling  and  fruit, 
as  well  as  jamming  and  deception  on  the  part  cf  the  enemy.  Since  it  appears 
that  interference  by  the  eneny  constitutes  the  major  threat  to  reliable 
operation,  it  has  been  given  the  most  attention  in  the  work  done  thus  far. 

The  effects  of  enemy  interference  by  means  of  Jamming  can  be  minimized 
by  either  minimi ring  the  possibility  that  signal  and  jam  will  arrive 
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simultaneously  at  th#  reoeiver,  or  by  incorporating  equipment  in  the  receiver 
for  improving  signal  detection  in  tba  presence  of  pasting.  The  possibility 
of  simultaneous  raoaption  of  signal  and  Jam  can  be  reduced  by  directional 
communication  equipment,  while  signal  detection  in  tha  presence  of  Jamming 
can  be  improved  by  redundancy  coding,  filtering,  and  correlation  detection. 


Direotlonal  oo— tunic  at  Ion  could  be  achieved  if  airplane#  a a vail  as 
ground  stations  vara  equipped  vith  narrow-beam  antennas.  Par  certain  app  11- 
oat  ions  (AIC  for  example)  it  has  bean  suggested  that  airplanes  oould  be 
required  to  approach  interrogator#  along  oertain  prescribed  courses . A narrow 
beam  antenna  mounted  in  the  nose  of  an  airplane  would  be  sufficient  and  ene^r 
Jamming  oould  only  be  effective  if  the  Jammer  were  within  the  beam  angle  of 
either  ground  station  or  airplane* 

A general-purpose  directional  communication  eyetea  would  require  a narrow- 
beam  rotating  antenna  on  the  airplane.  This  system  has  been  disouseed  in 
detail  in  a previous  report.*  However,  the  development  of  a light-weight 
rotating  antenna  for  airborne  use  would  require  several  years  and  is  not  within 
the  eoope  of  thi?  contract.  Consequently  this  type  of  direotlonal  communication 
system  is  no  longer  under  active  consideration. 
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A survey  was  initiated  in  the  past  to  obtain  factual  data  so  that  a com- 
parison oould  be  made  between  S and  1-band  frequencies.  The  survey  was  prima- 
rily motivated  by  the  necessity  of  Light-weight  equipment  fer  the  rotating- 
antenna  system  mentioned  above.  However,  factual  data  from  a study  of  this 
type  would  be  useful  in  determining  the  optimum  operating  frequency  for  any 
IFF  system*  The  survey  included t (1)  obtaining  world-wide  climatological 
data,  (2)  obtaining  data  giving  oentiaater-wave  attenuation  as  a function  of 
rainfall,  and  (3)  determining  the  relation  between  equipment  else  and  system 
power  requirements  at  various  wavelengths.  In  view  of  the  magnitude  and 
specialised  nature  of  a study  of  this  type,  the  remainder  of  the  survey  will 
be  oarried  out  by  the  Propagation  Laboratory  of  AFCRC* 

Consideration  of  any  oo  ■end  oat  ion  system  (whether  or  not  enesy  Jasning 
is  considered)  gives  rise  to  the  question  as  to  what  type  of  signal  is  most 
desirable.  From  the  standpoint  of  moet  efficient  utilisation  of  bandwidth 
it  appears  that  the  optimum  signal  is  one  with  a Qauselan  amplitude  distribu- 
tion and  a flat  frequency  spectrum*  Consequently  consideration  is  currently 
being  given  to  the  use  of  noise- like  signals  for  oommunioation  purposes.  In 
this  report  period  a comparison  has  been  made  between  single  and  multi-channel 
transmission  of  such  a signal  in  the  presenoe  of  noise*  From  the  practical 
standpoint,  however,  the  use  of  a pulse  train  as  a signal  is  more  desirable 
at  the  present  time  in  view  of  the  state  of  the  art  in  the  development  of 
oosesunication  equipment*  Consequently  pulse  trains  will  continue  to  be  used 
for  ohallenges  and  replies  in  the  system  under  consideration  until  a more 
exhaustive  study  of  the  use  of  noiee-like  signals  indicates  that  a change  is 
definitely  warranted. 

The  specific  system  under  study  is  one  in  which  an  n-dlglt  binary  number 
is  transmitted  as  a c nulls nge  tc  the  airborne  transpondor  where  it  is  encoded 
into  an  r -digit  reply.  Since  any  particular  challenge  or  reply  may  contain 


* Quarterly  Progress  Report  No.  2 dated  May  31,  1952. 
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anywhore  from  1 to  n,  or  1 to  r,  pulses  respectively,  the  power  transmitted 
is  not  constant  from  one  challenge,  or  reply*  to  the  next.  This  is  a din- 
advantage  fro*  the  standpoint  of  duty  oycle,  errrr  detection,  and  threshold 
setting  for  oorrelation  detection.  It  would  be  better  for  these  purposes 
if  a fixed  nuaber  of  puisne  were  usod  in  challenges  and  replies.  This  could 
be  ecccs>Tiohfeu  by  the  use  of  an  n-pulse  challenge  and  an  r-pulse  repl/  if 
Mach  pulse  had  two  possible  positions  - one  poeitlon  to  represent  a one  and 
the  other  to  represent  a aero.  Consequently  it  is  suggested  that  the  systea 
under  study  he  one  that  wests  these  standards. 

Since  pulse  trains  are  used  for  challenges  and  replies  it  has  been  con- 
venient to  divide  Jamming  into  two  types t pulse  jamlng  and  noise  J aiming. 

Of  the  two,  pulse  Jaming  appears  to  be  the  no  re  pernicious  because  of  its 
reseablanoe  to  the  signal.  If  a Jamming  pulse  happens  to  coinuide  with  a 
aero-digit  position  of  the  signal  then  the  "correct"  pulse  train  cannot  be 
separated  from  the  Jaming  pulse  without  a priori  knowledge  of  the  oorrect 
signal*  The  effects  of  noise  Jamming  on  the  other  hand  can  often  be  reduced 
by  filtering  ae  discussed  below. 

If  a directional  communication  system  is  not  enployed  then  signal 
detection  in  the  presence  of  Jamming  oan  be  improved  by  redundancy  coding, 
correlation  detection,  and  filtering.  Several  nethode  which  fall  under  the 
heading  of  redundancy  coding  have  been  considered  for  combatting  noise 
Janning.  They  include  transmission  of  a number  and  its  a oap  lament,  toe  use 
of  additional  digits  for  error  detection  and  correction,  restriction  to  a 
specific  number  of  pulses  in  a pulse  train,  and  coding  to  match  the  channel 
capacity  as  defined  by  Shannon. 

Cross-correlation  of  pulse  trains  has  been  shown  to  provide  an  effeotive 
means  of  overcoming  the  effects  of  pulse  jamoing.  This  method  can  very  well 
be  used  at  tire  ground  station  of  a ground-to-air  IFF  system,  since  the 
correct  reply  is  available  there.  A pulse-train  correlator  has  been  developed 
for  this  purpose  and  is  presently  under  construction.  Cross-coiTelation  could 
also  be  used  at  the  airplane  il‘  challenges  were  transmitted  in  a pre-arranged 
sequence  which  could  be  duplicated  at  the  airplane.  This  would  require  storage 
at  the  airplane,  and  since  storage  appears  to  be  undesirable  other  means  are 
being  sought  for  improving  the  reliability  of  the  ground-to-air  link. 

4 

Optimum  filters  which  sacrifice  signal  shape  and  merely  indicate  when 
the  signal  occurs  have  been  shown  to  be  the  equivalent  of  croes-cor relation. 

In  the  presence  of  noise  Jamming,  the  impulse  response  of  such  a filter 
should  be  the  backwards  version  of  the  signal  waveform.  Since  storage  at 
the  airplane  is  undesirable  a different  filter  cannot  be  available  to  match 
each  possible  pulse  train.  However  it  has  been  shown  that  sons  improvement 
in  signal-to-noise  ratio  can  be  obtained  if  only  one  filter  is  used  to 
evaluate  each  pulse  in  the  pulse  train  individually.  Suoh  a filter  would 
be  matched  to  a single  pulse  and  would  be  an  asset  at  both  the  airplane  and 
the  ground  station.  In  order  to  verify  and  demonstrate  the  theory  a matched 
filter  has  been  constructed  for  0.6-yis  video  pulses.  Data  relative  to 
signal- to-noise  ratio  improvement  will  be  obtained  during  the  next  report 
period. 

itfhen  applying  the  above  result  in  the  design  of  a receiver,  it  appeal's 
that  the  proper  place  to  make  use  of  the  matched-filter  technique  is  the 
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i-f  aspliflsr.  Sine*  tbs  seoon A detector  la  inherently  a non-linear  device, 
there  is  considerable  doubt  that  small  signal*  oan  be  recovered  raliabjgr 
fro*  noise  by  any  poet-deteotlon  Beans  if  the  signal-to-noise  ratio  is  less 
than  one  at  trhe  input  to  the  second  detea tor.  Consequently  it  appears  best 
to  marisiae  the  signal- te-noise  ratio  before  detection*  A matched  filter 
for  the  i-f  section  is  being  developed  end  the  test  program  will  include 
pre detect ion  filtering* 

The  blocX  diagram  of  the  proposed  test  set-up  is  shown  in  Fig*  1**  The 
test  equlpaent  can  be  used  to  simulate  either  the  ground-to-air  or  air-to- 
ground  link  of  an  IFF  system  working  in  the  press  nos  of  pulse  jamming,  nsise- 
sodulated  carrier  J aiming,  and  broad-band  noise  Jamming.  Figure  1 illustrates 
the  use  of  the  test  equipment  to  simulate  the  air-to-ground  link  of  the  ay stem 
under  study* 


Multi-channel  Transmission 


The  question  often  arises  as  to  what  is  the  relative  merit  of  sending  a 
signal  through  a single  channel  or  through  n channels.  This  question,  in 
general,  cannot  be  answered  in  simple  terms,  because  the  transmission  effi- 
ciency of  any  system  depends,  among  other  things,  upon  the  properties  of  ths 
signal  and  noise,  and  the  threshold  affect  cf  ths  system.  If  the  amplitudes 
of  both  signal  and  noise  are  of  Oaussian  distribution  and  if  the  threshold 
effect  is  discounted,  then  there  is  always  an  increase  in  the  average  infor- 
mation when  the  signal  power  is  divided  equally  into  n channels  and  when  the 
noise  power  in  each  channel  remains  ths  st 


Let  x ■ signal  to  be  received 
y • interfering  noise 


with  p(x)  - --7^-y  • 


xf_ 

2a2 


mean  power  of  signal 


p(y)  “ 


- _z_ 

2b2 


d - mean  power  of  noise 


Let 


i ■ x ♦ y 


then 


P(»)-  t 


and 


PvU)  - p(y  - Z - x) 


- 

1 2b1 


* The  figures  are  included  in  the  Appendix. 
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The  entropy  of  the  source  is  given  by 


Hq(x)  - - / p(x)log  p(x)dx 


• • 2 

- / p(x)log  V^na5  dx  ♦ / p(x)  — - dx 
-•  -«  2a* 


log  v 2na  ♦ 


■ $ log  2na2e 

The  information  obtained  about  the  source  from  a measurement  of  z 
given  by  Ho(x)  - Ht(x)  where  the  conditional  entropy 


Using  Bayes*  theorem, 


H.(x)  - ~ /p(z)dn  / p-(x)  log  p.(x)  dx. 


/..v  . p(x)  Px(») 

v*' p nr- 


2aa  1 e 


. 2‘*a'ba> 


and  hence. 


- (x  - z)2 

2a*b*  ^b7 


A"  js!£* 

V a2*b" 

H^(x)  - / p(z)dz  ji  log  ej 


5 loG 


2itaaba 

..  a 


We  therefore  find  that  the  average  amount  of  information  received  about  the 
signal  from  a measurement  z is  given  by 


Hul  " “oM  “ H*(x)  * £ loS  (!♦  fy) 
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IT  we  divide  the  signal  power  into  n channels  suoh  that  the  probability  density 
of  each  ohannel  becomes t 


then  the  total  transmitted  information  is 

%n  ‘ | l0«  (1 

the  average  information 

na 

• £7  and  uee  the  logarithm  to  the  base  2,  then 
Hiq  • $ log.2  (1  ♦ rx)  bite 
%n  * | lofa  (1  ♦ ji)  bite 

•»>  «Rn  " i ^ bitB 


It  is  observed  that 
has  been  increased. 


Let  rx 


* — t 

nb7 


as  to  what  signal  was  transmitted 


These  are  plotted  as  Fig.  2 in  the  Appendix. 

An  alternative  view  of  the  above  analysis  can  be  obtained  by  the  use  of 
the  formula  of  the  ohannel  capacity.*-  For  a single  channel  with  bandwidth 
and  an  average  signal "to -noise  power  ratio  r x , the  capacity  is 

Cx  • W'x  loga(l  ♦ rx)  bits/sec. 

When  the  signal  power  is  divided  equally  into  n channels,  the  total  capacity  is 

Cn  • n Wx  loga(l  ♦ bits/seo. 

The  oonnsotion  between  the  H^'s  and  the  C's  is  due  to  the  fact  that  the  ohannel 
capacity  is  defined  as  the  maximum  rate  of  transmission.  When  both  signal  and 
noise  belong  to  random  Oauseian  processes  having  flat  spectra  up  to  Wx,  the 
maximum  rate  of  transmission  is  2WXH^  which  is  equal  to  Cx. 

The  advantage  of  multiple-channel  over  single-channel  transmission  depends 
upon  how  efficiently  the  ideal  ohannel  capacities  are  utilised.  In  the  case 
of  pulse-code  modulation,  to  insure  an  error  less  than  10  , a threshold  value 
of  rx  * IOC  (20  db)  is  needed. ^ (This  does  not  assume  the  use  of  matching 
filters).  Any  multiplexing  which  tends  to  make  the  ratio  below  this  threshold 
results  in  rapid  loss  of  information. 
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Redundancy  Coding 

One  cf  the  methods  which  has  been  considered  for  obtaining  reliable  trans- 
roiesion  of  pulse  trains  in  the  presence  of  noise  is  that  of  increasing  the 
length  of  each  pulse  train  and  utilising  the  resulting  redundancy.  The  simplest 
procedures  of  this  type  are  repetition  of  the  complete  pulse  train  and  trans- 
mission of  the  comp lament  following  the  number.  Somewhat  more  complicated  are 
the  codes  devised  by  R.  W.  t lamming  3 which  prescribe  procedures  for  detecting  or 
correcting  errors  up  to  an  assumed  maximum  number.  Still  more  complex,  but 
capable  of  achieving  an  arbitrarily  small  chance  of  error  when  the  probability 
distribution  of  the  noise  is  known-  are  codes  based  on  information  theory.***1 
Some  further  considerations  on  this  latter  method  are  given  hare  to  supplement 
the  discussion  in  earlier  reports. 

It  should  be  pointed  out  that  the  staple  model  assumed  in  this  analysis4 
is  strictly  applicable  only  for  video  transmission,  since  the  assuaption  that 
signal  and  noise  ore  additive  is  not  valid  for  the  envelope  of  a carrier  after 
detection.  For  this  latter  case,  the  conditional  probabilities,  when  a pulse 
is  transmitted,  for  correct  or  incorrect  decision  by  a threshold  device,  should 
be  written 


ph  - p(y)<*y 

T 

Pxa  * /p(y)fhr 

where  y is  the  envelope  of  signal  and  noise  combined,  and  T is  the  threshold 
level.  Thus  any  further  conclusions  as  to  the  optimum  value  of  T depend  on 
the  relation  between  p(y ) and  p(N)  where  N is  the  envelope  of  noise  alone. 
Also  it  may  be  pointed  out  that  the  model  of  a mono tonic ally  decreasing  p(N) 
used  in  the  earlier  report  would  be  applicable  to  the  output  of  a equare-lm# 
detector,  for  which 


P(N) 


rather  than  to  that  of  a linear  detector  for  which 


p ( N ) ■ e ^ 

where  <r  is  the  r.sus.  value  of  the  noise  before  detection.**  For  this  latter 

Rayleigh  distribution,  the  choice  of  T which  maximizes  plx  ♦ pjz  (i.®.»  the 
sum  of  the  conditional  probabilities  of  correct  decisions  when  a pulse  is 
preeent  or  not  present)  can  easily  be  calculated  if  the  additive  assumption 
is  used.  The  following  values  were  calculated  for  three  choices  of  er  in 
terms  of  S,  the  signal  amplitude.  Pj.  and  P2  are  the  probabilities  of 

* See  quarterly  Progress  Report  No.  2,  dated  May  31,  1952,  pp,  8-11. 

**  See  page  61  of  reference  5. 


SECRET 


SECRET 

-u- 

transmitting  a pulse  or  no  pulsa  in  the  ideal  oode  which  matches  the  channel 
capacity  C,  and  Qx  and  ^ are  the  probabilities  that  pulse  or  no  pulaa  will 
be  received.  C is  given  in  bite  per  symbol. 


<r 

T 

Pit 

Pia 

Pal 

Paa 

C 

Pi 

Pa 

Qi 

Q» 

5s 

1.10S 

.98 

.02 

•09 

.91 

.71 

.52 

.1*8 

.56 

k 

s 

i.5Us 

.86 

.Hi 

.30 

.70 

.25 

.52 

.1*8 

.59 

J*1 

2S 

2.50S 

.76 

.21* 

J*6 

.a 

.07 

*5U 

M 

.62 

.38 

In  calculating  C,  Px,  etc.,  from  a given  matrix  [p. .]  of  conditional 
probabilities,  certain  simplifications  can  be  made  in  thi  equations  used  pre- 
viously and  given  on  page  u6  of  reference  Itnamely, 


Fk  - Jx  “kt  [-=  Ji  *>*  * Ji  Jx  Ptj  K>«  P,^ 


k - 1.2.....  n 


IPk  - 1 

In  the  first  place.  h^  ■ 1 for  all  t,  as  a consequence  of  the  facts  that 


n 


aa 

PiJ  " 1 *or  all  i.  and  that  [h^]  is  defined  as  the  transpose  of  the 
inveree  (assumed  to  exist)  ox  {p^jj. 


Since 


n 


A PiJ 


• 1 if  s • i 


■ 0 otherwise. 


n 


where  a.j  - ^ h^. 


But  for 


we  obtain  by  addition  p^j  Cj  • 1 

i ■ 1,  2 .....  n these  form  a set  of  □ independent  linear  equations  in  the  n 
quantities  ax,.«..  and  hence  there  is  exactly  one  simultaneous  solution 
since  we  have  assumed  that  the  determinant  jp^  J^O.  But  ax  ■ aa  * ...  • a_  - 1 
is  obviously  a solution  of  each  equation,  and  therefore  it  is  the  only  solution. 

Also,  as  shewn  on  page  3-18  of  reference  6.  a simpler  set  of  equations 

n 

can  be  obtained  for  the  Q*  than  for  the  Pk,  using  the  relation  Pk  p^. 

n 

This  is  equivalent  to  Pk  ■ ^h^  and  co?q)arison  with  the  previous  equations 

for  Pk  gives  - exp  C ♦ ^ hgt  p.j  log  t - 1,2,...,  n 

n 

i 4t  - 1 
t-1 
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This  leads  to  a simple  explicit  solution  for  Cl 


G 


n 

log  £ exp 
t-1 


Filtering 

Since  it  Is  not  desirable  to  store  challenges  at  the  airplane*  cross- 
oorreiation  of  the  entire  pulse- train  cannot  be  acootqpliahed  at  the  transponder* 
However,  since  the  challenge  is  known  to  consist  of  pulses*  cross-correlation 
can  be  accomplished  on  a digit-by-digit  basis*  is  such  the  correlator  cannot 
be  used  to  determine  if  the  "correct*  pulse  train  has  been  received*  but  rather 
its  output  can  be  used  to  determine  which  digit  positions  contained  pulses* 

It  has  been  shown  that  digit-by-digit  orose-correlation  can  be  accooplished 
by  matched  filtering.  The  optimum  filter  for  this  purpose  is  that  filter  which 
has  an  impulse  response  which  looks  like  the  backwards  version  of  the  pulse 
used  to  represent  a one  in  the  pulse  train.  If  the  pulse  is  represented  by 
e(t)  and  has  a duration  6 , then  the  output  y(t)  from  such  & filter  in  the 
presence  of  noise  n(t)  is  given  by 

min  (t . S\ 

y(t)  - yis(t  - x)  ♦ n(t  - x)]s(S  - x)dx 
o 

Previously  it  was  shown  that  the  above  integral  could  be  approximated  by  a 
summation  and  the  resulting  expression  could  be  interpreted  in  terms  of  a 
tapped  delay  line*  weighting  networks*  and  an  adding  circuit. 

The  main  diffiouly  which  would  be  encountered  in  practice  in  construct- 
ing a filter  of  this  type  arises  from  the  requirement  of  a multiple-tapped 
delay  line  at  the  intermediate  frequency.  The  purpose  of  such  a delay  line 
would  be  tc  produce  a train  of  equally  spaced  unit  impulses  whose  amplitudes 
would  be  attenuated  in  accordance  with  the  weighting  functions.  The  envelope 
of  the  train  of  unit  ispulses  would  then  be  the  backwards  version  of  the  i-f 
pulse.  Under  the  assumption  that  the  envelope  of  the  i-f  pulse  is  rectangular* 
it  has  been  found  that  the  multiple-tapped  delay  line  can  be  replaced  by  a 
high-q  tank  circuit  as  is  shown  in  Fig.  3A. 

If  the  unit  impulse  produced  by  a current  source  is  applied  to  the  input 
of  the  filter  of  Fig.  3A*  the  tank  circuit  will  be  shocked  into  oscillation 
and  a damped  cosinusoid  will  be  produced  at  the  output.  After  6 seconds  have 
elapsed  the  unit  inpulse  will  emerge  from  the  delay  line  and  be  applied  to 
the  tank  circuit*  The  oscillation  will  be  stopped  by  this  second  impulse  if 
the  resonant  frequency  of  the  tank  circuit  is  such  that  N ♦ i (where  N is  an 
integer)  cycles  have  been  produced  in  the  time  6 . If  the  q of  the  tank  cir- 
cuit is  sufficiently  high  the  oscillation  will  be  essentially  undamped  during 
the  time  6 and  the  envelope  of  the  pulse  will  be  rectangular.  A q multi- 
plier' can  be  used  in  place  of  the  tank  circuit  if  a sufficiently  high  Q 
cannot  be  realised  with  standard  components. 

A filter  of  this  type  will  give  a maximum  output  for  i-f  pulses  which 
look  like  the  backwards  version  of  its  impulse  response.  However*  it  can 
be  considered  to  be  the  optimum  filter  for  any  rectangular  i-f  pulse  with  x 
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currier  frequency  equal  to  the  resonant  frequency  of  the  tank  olxouit  and  a 
pulse  width  of  <5  seconds.  117  i-f  pulse  which  assets  these  specifications 
will  coincide  with  the  backwards  version  of  the  impulse  response  over  at 
least  N cyolas  and  consequently  will  produce  a maximum  output  within 


$0 

rro^ 


peroent  of  that  obtained  with  a matched  pulse*  (For  example  if  a 


pulse  width  of  0.6  tie  and  an  i-f  of  30.8  mo  are  employed  the  peak  output  will 
be  within  2.7  peroent  of  the  theoretical  maximum*)  Design  of  a filter  of 
this  type  is  in  process  and  construction  will  probably  commence  during  the 
next  report  period* 


If  similar  techniques  are  used  for  the  synthesis  of  an  optimum  filter 
for  video  pulses,  the  multiple- tapped  delay  line  con  be  replaced  by  a low- 
pass  filter  in  a network  configuration  of  the  type  shown  in  Pig*  3B.  When 
a unit  impulse  is  applied  to  the  input  of  the  filter  an  output  which  has 
the  form  of  an  exponential  decay  will  be  obtained*  After  6 seconds  hare 
elapsed  a negative  impulse  will  emerge  from  the  delay  line  and  be  applied  to 
the  input  of  the  low-pass  filter.  The  output  will  return  to  aero  at  this 
time  if  the  lew-pass  filter  has  a time  constant  which  is  long  in  cottar  is  on 
with  the  delay  time  6 . Consequently  the  impulse  response  of  the  filter 
will  bo  a 6 -seconds  rectangular  pulse  and  the  filter  will  be  the  optimum 
one  for  similar  video  pulses. 


An  optimum  filter  of  this  type  has  been  constructed  for  0.6  pa  video 
pulses  and  is  described  under  e . Apparatus  and  hqulpment.  During  this 
report  period  it  has  tested  satisfactorily  as  » correlator  for  video  pulses. 
During  the  next  report  period  the  operation  of  the  filter  in  the  presence 
of  noise  will  be  evaluated. 


Coding  Circuitry 

It  was  suggested  by  AFCRC  that  work  under  Item  III  be  begun  with  emphasis 
placed  on  the  design,  cons tract ion,  development,  and  evaluation  of  a reliable 
shift  register  for  use  in  the  encoder  components  of  the  overall  IFF  system* 

The  fact  that  several  of  these  are  required,  and  some  are  involved  in  airborne 
equipment,  makes  it  neoessary  that  weight  be  reduced  to  a minimum.  Hence,  it 
is  desirable  to  consider  the  use  of  transistors  instead  of  vacuum  tubes  for 
such  devices* 

For  the  purpoeo  of  the  intended  application,  the  following  specifications 
can  be  set:  The  Input  to  the  register  will  consist  of  lb-digit  binary  numbers, 
each  pulse  having  a width  of  0.1  to  0*3  ►*«,  and  the  pulses  spaced  by  1 ps. 

The  register  is  to  be  arranged  for  either  serial  or  parallel  read-in,  and 
either  serial  or  parallel  read-out*  The  loading  at  present  is  unspecified} 
howevor,  it  will  be  necessary  as  the  circuit  develops  to  investigate  this 
aspect  since  the  registers  in  practice  will  bo  connected  to  suon  devices  as 
matrix  switches. 

Figure  U is  a block  diagram  of  suoh  a system  arranged  for  simplicity  to 
aoconaodate  a four-place  pulse  train.  Further  details  of  the  basic  logio 
circuits  used  in  the  block  diagram  are  given  in  Fig.  5.  The  heart  of  the  unit 
is  the  storage  cell,  and  work  to  the  present  has  been  concentrated  on  a cir- 
cuit following  the  scheme  of  Fig.  £a.  In  this  storage  cell,  the  delay  is 
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equal  to  the  digit  period)  hence,  the  pulae  1 s circulated  (or  stored)  whenever 
the  second  input  to  the  *and-fate”  la  present,  and  stopped  when  it  is  not 
present.  The  arplifisr  presently  being  enq  loyed*  is  a regenerative  one  ejqjloy- 
ing  a Transistor  Products  Type  2C  transistor,  with  feedback  provided  through 
an  inductance  in  the  base  circuit.  The  delay  line  is  a potted,  lvoq>e<J-constant, 
line  haring  a characteristic  lmpedanoe  of  $00  ohms  and  a delay  of  1 tie.  The 
other  circuits  shown  are  conventional,  and  have  been  fully  described  in  the 

literature.^*10 

Lxpcrlnental  work  to  date  has  been  conoemed  with  the  construction  and 
test  of  a single  storage  cell  of  the  above  type.  Fifty  tr ana is tore  have  been 
procured  and  tested,  and  appear  to  have  characteristics  suitable  far  this 
application.  Auxiliary  specialised  test  equipment  is  required  before  cascaded 
connections  of  such  stages  can  be  investigated,  and  this  equip* nt  is  presently 
in  the  prooess  of  construction.  As  soon  as  this  stage  of  the  work  is  completed, 
it  is  intended  that  an  eight-stage  storage  register  will  be  constructed  accord- 
ing to  the  block  diagram  of  Fig.  6.  (For  convenience,  only  four  stages  are 
shown. ) 

Initial  work  on  the  circuit  of  Fig.  6 will  Make  use  of  the  basic  logic 
circuits  of  Fig.  5 . After  this  has  been  accon*>liahed,  studies  will  be  begun 
to  determine  the  optimum  values  of  circuit  constants  and  ratings,  the  usable 
range  of  transistor  characteristics,  and  otlisr  factors  essential  to  high  per- 
formance reliability.  An  attempt  will  be  mads  to  meet  the  conflicting  require- 
ments of  using  a minimum  number  of  components,  yet  allowing  transistor  inter- 
changeability. 

The  timing  diagram  of  Fig.  7 explains  the  control  and  operation  of  the 
shift  register  for  aerial  read- in  and  parallel  read-out.  Waveform  A represents 
clock  pulses  spaced  by  one  microsecond,  and  provides  the  basic  timing  far  the 
complete  system.  The  signal  assumed  is  shown  in  waveform  1,  where  the  signals 
are  the  solid  pulses.  The  signal  assumed  here  consists  of  numbers  (or  words)) 
namely,  lull  and  1101.  The  unshaded  pulses  are  the  stared  pulses  which  are 
held  in  the  first  register  until  a new  number  is  inserted.  Waveform  B is  a 
control  waveform,  there  being  a pulse  indicating  each  digit  position  in  the 
number  (regardless  of  whether  it  is  a sero  or  a one).  This  waveform  is  used 
as  the  inhibiting  pulse  at  the  inhibitor  block  l see  Fig.  $D),  and  prevents  the 
circulation  of  digits  in  the  storage  cells  during  the  time  of  the  number. 
Waveform  D is  a control  signal  used  to  acconplish  parallel  read-out.  The  wave- 
forms for  serial  read-out  and  parallel  read-in  could  be  similarly  arrived  at. 


e.  Apparatus  and  Equipment 


Filtering 

Optimum  filter.  An  optimum  filter  for  video  purses  has  been  constructed 
in  order  to  experimentally  verify  the  theory  developed.  The  block  diagram  cf 
Fig.  3B  indicates  that  the  filter  should  consist  of  a phase  inverter,  delay 
line,  adding  circuit,  and  low-pass  filter.  The  actual  circuit  of  the  working 
filter  for  0.6-na  pulses  is  shown  in  Fig.  8.  Tube  serves  as  phase  inverter , 


* The  circuit  is  essentially  the  same  as  that  suggested  by  Ar'CltC,  and  is 
presently  being  used  tr.ere  by  J.  Kaimonis. 
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rss  tbs  coi±iris.tiofl  adding 


l’a  is  employed  to  drive  the  delay  line,  und  T-j  dr 
circuit  and  low-pass  filter? 

Since  the  theory  calls  for  a linear  system,  and  sensitivity  to  the  pulse- 
repetition  frequency  is  undesirable,  the  entire  circuit  is  direct  coupled* 

The  output  of  Ta  is  balanced  at  ground  potential,  and  a feed-back  loop  is  in- 
cluded around  the  ?x  - Ta  combination  in  order  to  iaprcvs  its  stability*  Tube 
Tx  produces  a gain  of  about  30  and  the  closed- loop  gain  between  the  input  of 
the  optimum  filter  and  the  output  of  Ta  is  slightly  less  than  one*  The  delay 
element  consists  of  about  a foot  of  Kills n I3$0-ohm  delay  cable  and  is  termi- 
nated in  its  characteristic  impedance • The  output  from  the  delay  line  and 
the  input  to  the  circuit  are  applied  to  the  grids  of  T3.  The  signal  produced 
at  the  junction  of  the  two  5,6-K  resistors  connected  between  the  cathodes  of 
T-,  would  be  proportional  to  the  sum  of  the  signals  applied  to  the  grids  if  the 
output  condenser  were  removed*  As  it  is,  the  output  Impedance  at  this  junc- 
tion is  about  3K,  and  consequently  the  introduction  of  the  0<>002-pf  condenser 
creates  a lew-pass  filter  with  a time  constant  of  about  6 ps.  This  time  con- 
stant is  long  enough,  compared  to  the  delay,  to  produce  an  iiqpulse  response 
that  is  essentially  rectangular. 

The  optimum  filter  has  been  excited  by  input  pulses  which  varied  between 
0*1  and  p us  in  duration  and  its  output  has  been  in  accordance  with  correla- 
tion theory.  During  the  next  report  period,  the  filter  will  be  excited  by 
pulses  inner sed  in  noise,  and  experimental  results  compared  with  theoretical 
calculations* 

Some  effort  has  been  devoted  to  the  design  of  an  optimum  filter  for  i-f 
pulses*  At  the  present  time  little  dif f ioulty i s expected  with  the  design  of 
the  tank  circuit  (see  Fig*  3a)  since  e Q multiplier  can  be  constructed  if  the 
Q of  standard  components  is  not  sufficiently  high*  Difficulty  has  been  en- 
countered, however,  in  the  procurement  of  a suitable  delay  element  for  the 
i-f  band.  Commercial  delay  cables  are  primarily  developed  for  video  pulses 
and  consequently  have  Insufficient  frequency  response*  Supersonic  delay 
lines  of  the  f used-quart a variety  do  not  appear  to  be  suitable  for  delays 
as  short  as  0.6  pa  because  of  thlrd-time-arcund  ringing.  L'uqped-csnstant 
delay  lines  appear  to  be  feasible  for  the  i-f  bond  yet  it  is  not  felt  that 
a special  design  project  is  warranted  at  this  time.  Consequently,  unless 
another  solution  becomes  apparent,  the  required  delay  will  be  obtained  with 
a reel  of  about  U00  ft  of  RG62/U  coaxial  cable.  After  the  i-f  filter  has 
been  constructed,  and  testing  has  indicated  that  it  should  be  included  in  an 
IFF  system,  the  design  of  a lunped— constant  delay  line  can  be  undertaken* 


Pulse-Train  Correlator 


Correlator  construction*  In  this  report  period  the  various  component 
circuits  of  the  pulse-train  correlator  working  model  (discussed  in  detail 
in  the  previous  report)  were  constructed  in  breadboard  form  and  tested  in- 
dividually* The  minor  modifications  that  were  found  necessary  are  incorpo- 
rated in  the  revised  schematics  of  Figs.  9 and  10.  The  correlator  is  now  in 
the  process  of  construction  as  a complete  unit. 

Pulse- jamming  generator*  Construction  of  the  final  model  of  the  puise- 
jamraing  generator  discussed  in  the  two  previous  reports  has  been  completed. 
The  shape  of  the  output  pulse  is  approximately  the  same  as  the  shape  of  the 
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individual  output  pulaaa  provided  by  tho  pulse-train  generator  aleo  discussed 
in  the  tvo  previous  reports. 

Low-frequency  pulse  generator * A eouroe  of  low- frequency  pulses  far 
use  4n  IS  Z »• 1 rtf  ^Kn  pnlLwJtj«ein  correlator  has  been  constructed  dur- 

ing this  report  period*  The  pulse  width  is  of  the  order  of  one  Billisecond* 
and  the  pulse  repetition  frequency  is  approximately  80  ppe*  The  output  ampli- 
tude la  variable  fron  0 to  30  volte*  and  the  output  Ijgw dance  is  of  the  order 
of  300  ohms* 

The  pulse  is  generated  by  an  unsyiaaetrical  free-running  multivibrator* 
the  output  of  which  is  shaped  by  a cathode-follower  o Upper.  The  oathods 
return  of  the  o Upper  stage  is  an  attenuator  from  which  the  output  pr'lse  is 
obtained* 


Coding  Circuitry 

In  order  to  properly  check  the  operation  of  the  snift  register  to  be 
constructed*  oertain  pieces  of  test  equipment  will  be  required*  Equipments 
of  this  nature*  that  have  been  worked  on  to  date*  sire  discussed  in  the  follow- 
ing sections. 

Clock-pulse  generator.  A clock-pulse  generator  essentially  the  sane  as 
one  designed  by  Project  rfhirlwind  at  M.I.T.  has  been  constructed,  and  is 
ready  for  operational  checking.  This  generator  will  provide  0.1-yuj  pulses* 
of  0 to  y->  volts  amplitude,  into  a 93-ohm  load.  The  frequency  is  continuously 
variable  from  200  kc  to  5 mo. 

Signal  generator*  A signal  generator  for  storage-cell  testing  has  been 
constructed  and  is  presently  being  ohecked.  It  provides  a series  of  four 
0.1-pa  pulses  spaced  at  1-viS  intervale*  at  a repetition  rate  of  100  cps  to 
200  kc*  Simultaneously*  a four-digit  word*  with  the  digit  places  controlled 
by  toggle  switches , is  generated.  The  output  amplitude  of  both  sets  is 
variable  fron  approximately  0 to  Uo  volts* 

Constant-current  source.  A constant-current  source  has  been  constructed* 
and  its  operation  checked*  The  unit  consists  of  two  independent  supplies 
built  on  the  same  chassis*  one  supplying  positive  current*  and  the  other 
negative  ourreut.  The  supplies  have  essentially  the  same  con^onent  circuits 
as  the  Transistor  Products  Model  T6l  Transtester*  Measured  regulation  curves 
are  shown  in  Fig*  12*  It  is  expected  that  this  supply  will  also  be  useful 
in  the  transistor-testing  program* 


Transistor  Testing 

During  this  report  period  the  organisation  of  the  transistor-testing 
program  has  been  completed*  and  measurements  of  the  various  large  and  snail- 
signal  parameters  have  been  made  for  a large  number  of  transistors  of  varying 
manufacture . Table  I of  the  Appendix  gives  specific  details  of  the  nuafcere 
tested* 

A Transistor  Products  Model  T61  Transtoster  has  been  purchased  for  the 
measurement  of  the  usual  small-signal  parameters)  namely*  alpha  ( at)  and  the 
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standard  four- terminal  network  reeista»*es  rxl,  ria , r21,  and  raa  for  the 
poirrt-oontuct  type,  and  the  corresponding  quantities  for  the  junction  type1. 
This  unit  has  been  used  for  both  the  point-contact  and  Junction  types  of 
transistors,  as  indicated  in  Table  1. 

The  frequency-response  characteristics  of  point-contact  transistors  are 
determined  by  measuring  « as  a function  of  frequency,  and  defining  the  fre- 
quency where  alpha  is  3 db  below  its  value  at  5 kc  as  the  cut-off  frequency. 
Large-signal  testing  is  being  used  to  provide  values  for  rise  time,  fall 
time,  and  hole-storage  (or  turn-off  time ) . The  equipment  used  in  making 
these  teete  has  been  described  in  the  previous  report. 

A square-wave  generator  useful  for  transistor  testing  and  similar  appli- 
cations has  been  constructed  during  this  report  period.  The  schematic  of 
this  device  is  shown  es  Fig.  12.  It  has  been  designed  to  provide  a constant- 
amplitude  square-wave  output,  having  a frequency  of  either  5 00  ope  or  100  kn. 
Tho  rise  and  fall  times  are  lose  than  0.0$  pa  between  the  10-percent  and  90 
percent  points,  and  the  peak  output  amplitude  is  15  volte  into  a load  of  200 
ohme.  A 5- vo It  synchronising  pulse  of  either  positive  or  negative  polarity 
is  provided. 


g.  Conclusions  and  ftecoraaondaliuna 


As  a result  of  the  work  of  this  report  period  it  is  concluded  that* 

1.  If  the  amplitudes  of  both  signal  and  noise  are  of  Gaussian  distribu- 
tion, and  if  the  threshold  effect  is  discounted,  there  is  always  an  Increase 
in  the  average  information  when  the  signal  power  is  divided  equally  among  n 
channels  and  the  noise  power  in  each  channel  remains  the  same. 

2.  A channel  transmitting  binary  digits  has  a capacity  which  depends 
upon  the  signal-to-noise  ratio  and  upon  the  characteristics  of  the  system  of 
detection.  Redundancy  codes  can  be  devised  to  permit  reliable  transmission 
at  a rate  approximating  the  channel  oapacity,  but  it  appears  that  rate  of 
transmission  should  be  sacrificed  for  simplicity  of  coding  in  order  to  avoid 
very  complex  equipment  problems. 

3.  The  various  component  circuits  of  the  pulse-train  correlator,  as 
modified,  operate  satisfactorily. 

L.  The  simple  circuitry  involved  in  the  optimum  filter  for  video  pulses 
demonstrates  the  practicability  of  this  type  of  filtering  for  video  pulses. 

5.  The  techniques  suggested  in  this  report  for  const  ructlig  an  optimum 
filter  for  application  in  the  i-f  section  of  a pulse  receiver  appear  to  be 
practical. 

6.  The  present  transistor-testing  program  is  providing  sufficient  use- 
ful information  regarding  transistor  parameters  and  performance  to  allow 
competent  circuit  design  and  classification  of  transistors  according  to 
their  frequency  response,  small-signal  alpha,  etc. 
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7*  The  pulac- jamming  generator  produces  pulses  of  approximate ly  the 
same  shape  as  that  of  the  individual  output  pulses  of  the  pulse-train 
generator,  and  as  a result  should  be  effective  as  a Jamming  device  for 
testing  the  system  under  study. 

6*  The  fixed- frequency  square-wave  generator  is  a useful  piece  of 
test  equipment  for  speoific  applications,  and  thus  will  serve  to  free 
similar  commercial  equipment  for  general  laboratory  use* 

9*  The  operation  of  the  constant-current  source  appears  satisfactory 
for  transistor  applications. 

10*  The  signal  generator  far  storage -cell  testing  will  adequately  fulfill 
its  purpose  when  it  has  been  coup  lately  checked  out* 

11*  The  clock/- pulse  generator  for  storage-cell  testing  will  be  satis- 
factory for  both  its  intended  usage  and  as  a general  laboratory  item* 

As  an  alternative  to  the  general  system  covered  by  this  and  previous 
reports,  it  is  recommended  that  consideration  be  given  to  a system  which 
employs  random  noise  as  a oiiallenge*  The  random  noise  would  be  processed 
by  a linear  or  non-linear  network  in  the  lr ana pond or,  whose  parameters  con- 
stitute the  code  of  the  sortie  period* 


h.  Future  Work 


In  view  of  the  work  of  this  and  previous  report  periods,  and  the  above 
conclusions  and  recooanendations,  it  is  intended  that  future  work  include! 

1*  Studies  directed  toward  the  determination  of  the  optimum  signal  for 
IFF  purposes.  Consideration  will  be  given  specifically  to  the  applicability 
of  noise-like  waveforms  to  this  problem* 

2.  The  continuation  of  various  studies  of  a general  nature  that  have 
already  been  begun*  These  Include  (a)  the  study  of  contemporary  jamming  and 
countermeasures  techniques,  (b)  the  study  of  ways  by  which  correlation  and 
filtering  methods  can  be  applied  to  IFF  systems  to  Improve  system  reliability, 
and  (c ) the  study  of  the  response  of  video  detectors  to  pulses  in  the  presence 
of  noise* 

3*  Further  general  study  of  redundancy  coding,  with  special  emphasis 
placed  on  the  consideration  of  the  probability  distribution  of  the  envelope 
of  noise  and  signal  combined.  Practical  consideration  will  be  given  to 
determining  the  feasibility  of  employing  redundancy -coding  techniques  os 
means  for  improving  the  reliability  of  IFF  systems* 

U*  The  completion  of  the  pulse-train  correlator  and  the  testing  of  this 
unit  to  determine  (a)  the  optimum  values  of  the  design  parameters  for  various 
conditions  of  noise  and  pulse  Jaraning,  and  (b)  the  amount  of  Jam  rejection 
possible  with  this  device. 
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5.  The  testing  of  the  optimum  filter  for  video  pulses  to  determine  its 
operation  in  the  press noe  of  noise*  Elxperinsntal  results  will  be  compared 
vith  its  calculated  performance* 

6*  The  construction  end  testing  of  an  optimum  filter  for  application 
in  the  i-f  section  of  a pulse  receiver* 

7*  The  continuation  of  the  study  and  design  of  a storage  os  11  suitable 
for  use  as  the  memory  element  in  s shift  register*  111  immediate  work  under 
Item  III  will  be  directed  toward  the  development  of  e reliable  transistorised 
shift  register. 

8*  The  continuation  of  the  tr ana is tor- testing  program  in  its  present 
form  to  provide  design  date  upon  which  to  base  the  work  on  transistor  cir- 
cuitry carried  on  at  Northeastern  and  ATCRC* 
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FIG.  I.  BLOCK  DIAGRAM  OF  PROPOSED  TEST 
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FIG.  4.  SHIFT  REGISTER  FOR  SERIAL  AND  PARALLEL  READ-IN  AND  READ-OUT. 
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FIG.  5.  BASIC  LOGIC  CIRCUITS. 
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SHIFT  REGISTER  USING  ACTIVE  DELAY-LINE  STORAGE  CELL. 


secret  SECURITY  INFORMATION 


FIG.  7.  TIMING  DIAGRAM  FOR  SERIAL  READ-IN  AND  PARALLEL 

READ-OUT  OF  SHIFT  REGISTER. 
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NOTE  ALL  RESISTANCE  VALLES  N KO  AND  ALL  CAPACITANCE  VALUES  IN  upf  UNLESS  OTHERWISE  SPECIFIED 

FIG  9 MODIFIED  SCHEMATIC  OF  PULSE-TRAIN  CORRELATOR  (FIRST  HALF). 
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